In regions where the 2 species are sympatric, the Eurasian water shrew, Neomys fodiens, dominates behaviorally and numerically over the Mediterranean water shrew, Neomys anomalus, and tends to exclude it from direct access to aquatic habitats. In Portugal, ecological release can be expected in behavioral traits of N. anomalus due to the absence of the dominant N. fodiens. We investigated swimming and diving skills and efficiency in underwater foraging in 9 individuals of N. anomalus from Serra da Estrela, central Portugal. Efficiency in swimming and diving was analyzed in short-duration tests. Foraging behavior was assessed through video records of shrews foraging in a terrarium that simulated terrestrial and aquatic habitats. Our results were compared with data previously obtained for N. anomalus and N. fodiens coexisting in sympatry in Białowieża Forest, eastern Poland. In contrast to sympatric Polish N. anomalus, allopatric Portuguese N. anomalus were more efficient in some swimming parameters (such as stroking frequency) and showed greater variation in diving profiles. Allopatric N. anomalus also were able to take food from deep water, a behavior that previously had been observed only in N. fodiens. Foraging success underwater, however, was much lower in allopatric N. anomalus than in N. fodiens. Our results suggest that in the absence of the dominant N. fodiens, allopatric N. anomalus can use 2 foraging modes: wading in shallow water (its primary foraging mode) and diving in deep water, thus extending its ecological niche.
Ecological release may occur when interspecific competition is reduced, allowing species to expand their ecological niches. Several cases of competitive release have been described in which a competing species is removed from its environment (e.g., Bodey et al. 2009; Trewby et al. 2008) . Competitive release may occur when species arrive in new environments, such as in island colonization (e.g., Diamond 1970) . Reduced interspecific competition also is known to occur in allopatric populations of closely related species. Sympatric populations with similar ecological requirements tend to accentuate differences that reduce interspecific competition, a phenomenon known as ecological character displacement (Brown and Wilson 1956 ). On the contrary, allopatric populations of closely related species may converge as a result of the absence of a main competitor, becoming nearly identical in some characters, a phenomenon termed by Grant (1972) as ecological character release. Although character shifts occur in morphological, ecological, behavioral, or physiological traits (Brown and Wilson 1956) , most studies have focused on morphological traits such as size differences Simberloff 1998, 2005) or ecological traits such as variations in trophic niches (Azuma 1992; Bolnick et al. 2010) . Changes in morphological and ecological traits also may imply a significant change in behavior of the species. However, behavioral traits have been used mainly to investigate how coexisting populations of similar species avoid hybridization w w w . m a m m a l o g y . o r g 29 (reproductive character displacement- Höbel and Gerhardt 2003; Russo et al. 2007) , without considering the influence of ecological changes on resource use (Pfennig and Pfennig 2009) .
Shrews are insectivorous mammals that exhibit great similarity in size, morphology, and ecology. Despite this similarity, communities of multiple coexisting species are frequently found in the same habitats (Churchfield 1990 ). In Europe, 2 semiaquatic species occur, the Mediterranean water shrew, Neomys anomalus, and the more widespread Eurasian water shrew, Neomys fodiens. N. fodiens has a continuous distribution throughout most of Europe, whereas N. anomalus has a wide but patchy distribution ranging from the Iberian Peninsula to Crimea, Turkey, and including isolated populations in western Russia and Iran (Hutterer 2005 ; International Union for Conservation of Nature/Species Status Commission 1995). The distributional ranges of both species overlap to a large extent. However, in southern regions only N. anomalus occurs. In many locations the 2 species are not only sympatric but also syntopic, coexisting in the same habitats, such as banks of small rivers, streams, lakes, ponds, marshes, and swamps (Rychlik 2000; Spitzenberger 1990 ).
In sympatric populations, niche segregation between N. anomalus and N. fodiens seems to be based mainly on the differentiation of microhabitats and trophic niches, both related to their aquatic dependence (Churchfield and Rychlik 2006; Rychlik 2000 Rychlik , 2004 . Recent comparative laboratory experiments involving sympatric populations reveal that N. fodiens is a more proficient swimmer and diver, foraging in both shallow and deep water. In contrast, the swimming and diving skills of N. anomalus only allow the species to forage successfully in shallow water (Rychlik 1997; Rychlik and Jancewicz 2002; Soares and Rychlik 2009 ). These observations are in accordance with habitat selection by the 2 species: N. fodiens occurs strictly near watercourses with direct access to deep water, whereas N. anomalus prefers wet ground flooded by shallow water, about 10-15 m from deep streams (Rychlik 2000) . Morphological adaptations to semiaquatic life are more evident in N. fodiens. It has larger hind feet with longer hairs that form fringes and a longer keel of stiff hairs on the ventral side of its laterally compressed tail (Churchfield 1998; Pucek 1981) . In contrast, N. anomalus has smaller hind feet, shorter fringes, and a shorter or absent keel. The fringes of hairs increase the surface area of the feet, which adds propellant power to swim, whereas the keel provides balance and prevents pitching and yawing (Churchfield 1998) . Interspecific diet comparisons support both microhabitat segregation and differences in underwater foraging in sympatric populations (Rychlik 1997) . The percentage of aquatic prey in the diet of N. fodiens can reach up to 95% (DuPasquier and Cantoni 1992; Niethammer 1978) . In contrast, aquatic prey comprised only 11% of the diet of N. anomalus coexisting with N. fodiens in Białowieża Forest (Churchfield and Rychlik 2006) . These results, as well as the aforementioned laboratory experiments conducted by Rychlik (1997) and Rychlik and Jancewicz (2002) , suggest that, in sympatry, these 2 species display distinct modes of aquatic foraging: diving in deep water by N. fodiens and wading in shallow water by N. anomalus.
In allopatric populations, however, morphological studies reveal that N. anomalus converges in body size and hind-foot size with N. fodiens (Kryštufek and Quadracci 2008; Rácz and Demeter 1998; Spitzenberger 1990) . It is thus possible that, without competitive pressure from N. fodiens, N. anomalus occupies aquatic habitats and uses aquatic resources more intensively than when in sympatry with N. fodiens. This hypothesis is supported by Rychlik and Ramalhinho (2005) , who found that allopatric populations of N. anomalus in northern and central Portugal selected microhabitats directly adjacent to streams or rivers. Therefore, ecological release can be expected in behavioral traits, namely in swimming and diving skills, as well in foraging mode, which should be more similar to those of N. fodiens.
Water shrews swim by paddling, generating thrust by alternating strokes of the front and hind limbs. This mode of swimming is considered a modification of the terrestrial gait, being more common in semiaquatic species that must compromise form and function to successfully operate both on land and in water (Stein 1989; Williams 1998) . Differences in swimming efficiency may thus reflect the level of dependence on the aquatic environment of each species. The aims of this study were to investigate swimming skills and foraging strategy of an allopatric population of N. anomalus and to compare these results with data obtained from sympatric populations of N. anomalus and N. fodiens tested in similar experiments (Rychlik 1997; Soares and Rychlik 2009 ). We expected that allopatric N. anomalus would display better swimming and diving skills than sympatric N. anomalus and have higher success in underwater foraging. Consequently, the foraging strategy of allopatric N. anomalus should be more similar to that of N. fodiens than what was previously described for sympatric N. anomalus.
MATERIALS AND METHODS
Experimental animals.-A total of 9 subadult individuals of N. anomalus were trapped between October and November 2008 along Mondego River in Serra da Estrela Natural Park (4478212N, 2926328E), central Portugal, an area outside the distribution of N. fodiens. Traps were set along the riverbank at distances ,2 m from the watercourse and located under or between patches of sedges (Carex). The vegetation of the riverbank also included bushes of Erica and Cytisus and Salix trees. Shrews were transported to the Natural History Museum of Lisbon where they were kept for 3 weeks under an artificial photoperiod (10L:14D, with lights on at 0800 h) at a temperature of about 15-208C and humidity about 80%. Each shrew was maintained in an individual cage (40 3 20 3 30 cm) equipped with a shelter (inverted flower pot filled with moss) and litter (a mixture of sand, sawdust, peat, and moss). Water and food (minced meat, fly pupae, and mealworms) were given ad libitum. Shrews were released at sites of capture after the experiments. All the field and laboratory procedures were in all swimming bouts in a test; stroke frequency-mean number of strokes per second in all swimming bouts in a test; body inclination-angle maintained between the central long axis of the animal's body and the water surface, that is, inclination from the horizontal; ratio of body width to lateral tail undulations-relation between maximum body width measured from a dorsal perspective to maximum amplitude of tail undulations at the same moment; ratio of body width to body length-relation between maximum body width measured from a dorsal perspective to maximum head and body length, also measured from a dorsal perspective, from the tip of nose to base of tail; fineness ratio while swimming, floating, and diving-measure of streamlining (Fish 1993b) calculated as the relation between maximum head and body length to the maximum body height (greatest dorsal-ventral distance); and duration of bout-duration of a single floating or diving bout.
Additionally, 16 diving profiles were distinguished ( Fig. 1 ). They were classified as easy, medium, or difficult, based on the energy it was assumed shrews expended for each dive and taking into account 4 factors: descent angle measured between central long axis of the shrew's body and the waterline; depth of dive; distance swum underwater after reaching the deepest point; and ascent angle measured between the central long axis of the animal's body and the bottom of the aquarium. Each action was scored with 1 for a lower energetic cost or 2 for a higher energetic cost (Fig. 1) .
All behavioral parameters, including diving profiles, were identical to those defined by Soares and Rychlik (2009) and were calculated in exactly the same way. Temporal accuracy was 0.04 s (1 frame) and spatial accuracies were 0.1 cm for distance and 0.18 for angle. For more details about the procedure, data organization, and analysis, see Soares and Rychlik (2009) .
Experiment 2, foraging behavior.-Experiments were performed following the methods of Rychlik (1997) . Briefly, experiments were carried out in an open-top terrarium (150 3 50 3 50 cm) made of glass and acrylic plastic sheets, divided into terrestrial and aquatic areas, each 25 cm wide and 150 cm long. The terrestrial area was composed of a mixture of sand, soil, and turf approximately 15 cm thick. The bottom of the aquatic area was covered with a mixture of gravel and pebbles (0.5-to 1-cm diameter) to create a slope 20 cm thick at 1 edge of the terrarium and 2 cm at the opposite side, with water depth varying from 5 to 23 cm. The bank consisted of a vertical plastic wall to which some irregularities (mainly embedded stones) were added, allowing animals to exit from water onto the land. Four structures protruded from the water: 2 islands made of big stones (10-to 12-cm diameter) completely surrounded by water and 2 platforms (8 3 8 cm) made of plastic plates located at the bank. Two hiding places constructed of wood and bark were located in the terrestrial area.
Seven of the 9 water shrews used in experiment 1 were tested in 2 variants that differed in the distribution of food and available natural structures: variant 1-food and natural structures (stones, sticks, and tufts of grass) present in both terrestrial and aquatic areas of the terrarium; and variant 2-food and natural structures only in the aquatic area of the terrarium. Variants 1 and 2 replicated the conditions described by Rychlik (1997) as variants D and W, respectively. Food portions were either small cubes (about 0.15 cm 3 and 0.2 g) or large cubes (about 1 cm 3 and 1.3 g) of pig heart muscle that were replaced in every test. Quantity and distribution of food portions also were selected according to the procedures of Rychlik (1997) . In our experiments, 15 small and 4 large portions of food were distributed directly on the ground of the terrestrial area, and 30 small and 4 large portions were distributed at the bottom of the aquatic area. Food portions always were prepared 1.5 h before each test and the position of each food portion in the terrarium was maintained throughout all experiments.
For 4 consecutive days each animal was tested twice in each variant. Each test lasted 3 h and was performed between 1900 h and 2300 h. Non-test food was removed from the animal cage 30 min before the test. Animals were transported in their individual cages to the experimental terrarium and were released in the terrestrial area, near one of the hiding places. Shrews were filmed in dark (no visible light) with a highdefinition Sony HDR-HC7E digital video camera, using the infrared-sensitive night mode. The video camera was positioned over the terrarium covering the entire test area. An infrared light lamp of 175 watts was hung 3 m above the terrarium. Shrews were returned to their home cages after each test and food portions remaining in the terrarium were counted. The water was partially replaced and the ground of the terrestrial area was dug up before testing each shrew. Structures such as stones, sticks, bark, wood, and the nesting material of the hiding places were washed or replaced. Video records were analyzed with Samsung Power DVD (Samsung, New Taipei, Taiwan) software using the digital zoom option (43 or 83) when more-detailed observations were required.
Nine behavioral categories were distinguished: hidinganimals stayed inside one of the hiding places (if .30 s); land foraging-foraging on the terrestrial area (.1 s); food success-food portion found and sniffed, manipulated, eaten, or taken; before water-short periods spent on islands and shelves or running along the bank during water foraging (see below; 10-30 s); swimming-swimming on the water surface (.1 s); diving-diving completely underwater (.1 s); water foraging-the sum of time in behaviors before water, swimming, and diving; rooting soil-rooting ground on the terrestrial area (.20 s); and rooting grass-rooting in grass turfs (.20 s). Other behaviors not listed above also were noted, for example, grooming and resting outside of hiding places (.10 s). All behavioral categories were identical to those defined by Rychlik (1997) and were calculated in exactly the same way. Time spent in each behavior was measured with an accuracy of 0.1 s and is reported as mean percentage of total test time.
Statistical analysis.-All statistical tests were performed using IBM SPSS Statistics 19 (SPSS, Inc. 2010) . Because all populations were tested under identical conditions, data of allopatric N. anomalus were statistically compared with data of sympatric N. anomalus and N. fodiens. Differences between populations in swimming and diving behaviors (except for diving profiles) were assessed using Student's t-test after confirmation that data followed a normal distribution. The nonparametric Kolmogorov-Smirnov test was used to compare distribution of frequencies of the various diving profiles. The difference between observed and expected frequencies was obtained using a goodness-of-fit test. Differences in foraging Soares and Rychlik (2009) and applied in this study, in order of difficulty. Difficulty classification was obtained by adding the scores of each profile based on the descent angle (score ¼ 1 for an obtuse descent angle or score ¼ 2 for an acute descent angle); depth of the dive (score ¼ 1 for dives up to the half the water depth or score ¼ 2 for more than half of the water depth); distance swum underwater (score ¼ 1 for dives 25 cm or score ¼ 2 for dives . 25 cm); and ascent angle (score ¼ 1 for an obtuse ascent angle or score ¼ 2 for an acute ascent angle). After Soares and Rychlik (2009) , with permission of the Journal of Ethology.
behaviors between the 2 variants were analyzed with a Wilcoxon test, and interspecific differences were assessed using a Mann-Whitney test. Differences were considered significant for P-value 5%, for all statistical tests performed.
RESULTS
Swimming and diving behavior.-In experiment 1, allopatric N. anomalus spent most of the time swimming (on average 93.1%). Floating and diving behaviors were much less frequent (averaging 5.6% and 1.3%, respectively). Animals adopted a horizontal position while swimming, keeping the head slightly above the water surface and moving their hind feet in alternating strokes, synchronized with rapid undulatory movements of the tail. Average swimming velocity of allopatric N. anomalus (32.1 cm/s) was similar to the velocity of N. anomalus living in sympatry with N. fodiens (33.4 cm/s) but it was significantly lower than the velocity of N. fodiens (36.4 cm/s: Student's t-test: t 16 ¼ 4.04, P ¼ 0.0009; Table 1 ). However, the stroking frequency was lower in allopatric than sympatric N. anomalus (7.5 strokes/s and 8.2 strokes/s, respectively; Student's t-test: t 18 ¼ 3.36, P ¼ 0.0035; Table 1 ). In fact, the stroking frequency of allopatric N. anomalus was more similar to the stroking frequency of N. fodiens (7.6 strokes/s). No differences were found between allopatric N. anomalus and sympatric Neomys populations regarding the position of the body (inclination and ratio between body width and body length; Table 1 ). However, allopatric N. anomalus swam with narrower undulations of the tail, as shown by the significant difference in the ratio between body width and width of undulations of tail (Student's t-test: t 19 ¼ 6.764, P , 0.0001 for allopatric versus sympatric N. anomalus; t 18 ¼ 5.559, P , 0.0001 for allopatric N. anomalus versus N. fodiens) and with a lower fineness ratio (Student's ttest: t 19 ¼ 3.402, P ¼ 0.003 for allopatric versus sympatric N.
anomalus; t 18 ¼ 3.987, P ¼ 0.0009 for allopatric N. anomalus versus N. fodiens; Table 1 ).
One animal was constantly moving and did not float, but the other 8 spent some time floating. Animals were almost completely immobile while floating, using their feet only to redirect their body. Floating bouts were characterized by several short-duration periods rather than few longer bouts. Mean duration of floating bouts of allopatric animals was significantly longer than in sympatric N. anomalus (Student's ttest: t 15 ¼ 2.65, P ¼ 0.0181) but very similar to the duration of floating bouts in N. fodiens (Table 1 ). The fineness ratio while floating was lower than while swimming and, in this case, a significant difference was found between allopatric N. anomalus and N. fodiens (Student's t-test: t 14 ¼ 4.101, P ¼ 0.0011; Table 1 ).
A total of 139 dives was analyzed for allopatric N. anomalus. The mean duration of each dive was similar to that previously found for sympatric N. anomalus and significantly lower than in N. fodiens (Student's t-test: t 16 ¼ 3.03, P ¼ 0.0081; Table 1 ). However, the maximum diving duration in allopatric animals reached 5.6 s, whereas the longest dives were only 2.3 s for sympatric N. anomalus and 4.0 s for N. fodiens. Fineness ratio while diving revealed that allopatric animals adopt a narrower shape than sympatric N. anomalus (Student's t-test: t 16 ¼ 2.19, P ¼ 0.0433) and N. fodiens (Student's t-test: t 14 ¼ 3.918, P ¼ 0.0010; Table 1 ). The distribution of diving profile frequencies did not differ between allopatric and sympatric N. anomalus nor between allopatric N. anomalus and N. fodiens (Kolmogorov-Smirnov test: Z ¼ 0.707, P ¼ 0.699 and Z ¼ 1.061, P ¼ 0.211, respectively). However, significant differences were found when we compared the observed frequency of diving profiles of allopatric N. anomalus with an expected uniform distribution (6.25% for 16 profiles; Fig. 2 ). Allopatric N. anomalus displayed 7 of 16 diving profiles more frequently than expected. Three were easy diving profiles (profiles 1, 3, and Duration of 1 diving bout (s) 9 2.1 6 0.8 10 2.1 6 0.6 NS 9 3.1 6 0.6 * Fineness ratio (streamlining) 8 4.3 6 0.7 10 3.9 6 0.2 * 8 3.6 6 0.2 ** 5), 2 were medium (profiles 8 and 10), and 2 were difficult (profiles 13 and 15). Only 4 diving profiles (profiles 4, 7, 11, and 12) were significantly avoided by allopatric animals, all of them corresponding to shallow and long dives. The diversity of diving profiles displayed by allopatric N. anomalus is higher than was previously found for sympatric N. anomalus and N. fodiens. Sympatric N. anomalus showed a significant preference for only 3 of the 16 diving profiles (profiles 8, 10, and 15), avoiding 7 of them (profiles 4, 7, 9, 11, 12, 13, and 16), whereas N. fodiens showed a significant preference for only 2 diving profiles (profiles 10 and 15), avoiding 6 of them (profiles 1, 4, 7, 9, 11, and 12; Fig. 2 [see also Soares and Rychlik 2009] ). Foraging behavior.-In experiment 2, allopatric N. anomalus spent most of the time hiding (94% of 3-h tests in both experimental variants). As previously observed for sympatric N. anomalus and N. fodiens, allopatric N. anomalus also spent more time foraging on land than in water. The number and duration of dives was low, and the lack of food in the terrestrial area (variant 2) did not induce a significant increase in the aquatic behavior of allopatric N. anomalus. Consequently, the success rate in finding food on the terrestrial area was higher than in the aquatic area (Wilcoxon test: Z ¼ 3.262, P ¼ 0.001; Table 2 ).
No significant differences were found between allopatric and sympatric N. anomalus in mean percentage of time foraging on land or in water in either experimental variant (Table 2) . Allopatric N. anomalus spent significantly less time than N. fodiens in foraging on land in variant 1 (Wilcoxon test: Z ¼ 2.646, P ¼ 0.008) and significantly less time foraging in water in both variants (Wilcoxon test: Z ¼ 2.535, P ¼ 0.011; Table 2 ).
Allopatric N. anomalus also dived for significantly less time than N. fodiens (Wilcoxon test: Z ¼ 2.378, P ¼ 0.017; Table 2 ). Additionally, N. fodiens dived in both variants, whereas sympatric N. anomalus only dived in variant 2 (i.e., when there was no food on land) and then only for short periods. Consequently, although the success rate in finding food in water by allopatric N. anomalus was lower than that of N. fodiens (Wilcoxon test: Z ¼ 2.885, P ¼ 0.006 in variant 1; Wilcoxon test: Z ¼ 2.699, P ¼ 0.005 in variant 2), 4 allopatric N. anomalus were able to take food portions underwater in both variants, something that sympatric N. anomalus never did. These 4 found food underwater on both sides of the slope that composed the bottom of the aquatic part-2 shrews were only able to find food on the shallow end (5 cm deep) but the other 2 also found food in the deepest area (23 cm), reaching an average depth of 14.6 cm.
Rooting behavior was characterized by large variation among animals. The only significant difference was the shorter duration of rooting grass in allopatric N. anomalus compared to sympatric N. anomalus (Wilcoxon test: Z ¼ 2.289, P ¼ 0.022; Table 2 ).
DISCUSSION
Allopatric N. anomalus from Portugal did not display all the behaviors previously observed for N. anomalus sympatric with N. fodiens. In fact, allopatric N. anomalus resembled N. fodiens in several swimming and diving parameters. Under similar experimental conditions, Soares and Rychlik (2009) found that the swimming velocity of N. fodiens is significantly higher than the velocity of sympatric N. anomalus (36.4 cm/s and 33.4 cm/ s, respectively). In the present study the swimming velocity recorded for allopatric N. anomalus was similar to the velocity already observed for sympatric members of the species (32.1 cm/s). Such a result supports predictions that take into account
-Differences in distributions of diving profiles (P1 to P16) displayed by allopatric Neomys anomalus (this study) and sympatric N. anomalus and N. fodiens (Soares and Rychlik 2009) . Gray line at 6.25% indicates expected uniform distribution. Differences between expected and observed values (revealed by goodness-of-fit G-test): black star, preferred profile (significantly more frequent than expected; P 0.05); white star, avoided profile (significantly less frequent than expected; P 0.05).
morphological differences between N. fodiens and N. anomalus. According to Pucek (1981) and Churchfield (1998) , N. fodiens can reach higher swimming speeds because of their larger hind feet with longer fringes, which allow strokes with more propulsive power. When tested in larger aquaria, velocities of N. fodiens were even higher than those observed by Soares and Rychlik (2009) . Ruthardt and Schröpfer (1985) recorded an average swimming speed of about 40 cm/s in an aquarium 300 cm long, whereas similar velocities (36.7-44.1 cm/s) were obtained by Köhler (1991) , who used a 145-cmlong aquarium. High swimming speeds allow animals to increase foraging efficiency and active pursuit, but they also are energetically demanding because thrust power is directly related to the cube of velocity (Fish 1993b ). The energy expenditure for paddling is so high that some semiaquatic species (e.g., muskrats) swim at lower mean velocities than the expected most efficient speed (Fish 1982a) . Soares and Rychlik (2009) also found that sympatric N. anomalus had to increase their stroking frequency to reach swimming speeds similar to those of N. fodiens. Allopatric N. anomalus reached similar velocities to sympatric N. anomalus with significantly fewer strokes per second. The stroking frequency of allopatric N. anomalus was, in fact, very similar to what was recorded previously for N. fodiens (7.5 and 7.6 strokes/s, respectively). Each paddle stroke only generates thrust power in half of the cycle and involves an energy loss in the recovery phase of the limb (Fish 1993b) . By using fewer stroke cycles to achieve the same velocity as N. fodiens, allopatric N. anomalus show greater paddling efficiency. Such an increased efficiency can result from an increase of the paddle surface. On the other hand, optimization of the body position while swimming (which could minimize the resistive forces) was not found. Therefore, allopatric N. anomalus seems to maximize its propulsive force by either increasing body size or hind-foot surface, rather than reducing drag force. A convergence in body size (represented by craniodental measurements) of N. anomalus toward N. fodiens was reported previously in allopatric populations in Hungary and the Balkans (Kryštufek and Quadracci 2008; Popov and Zidarova 2008; Rácz and Demeter 1998) . In those studies, the larger size of allopatric N. anomalus was explained by the lack of competition with N. fodiens for food resources of higher quality, which is consistent with the ecological release hypothesis. The same kind of character convergence also was found in populations of N. anomalus inhabiting the southern Iberian Peninsula, where N. fodiens is absent (López-Fuster et al. 1992) .
The use of the tail by small mammals while swimming has been recognized as an indicator of species with aquatic abilities (Cook et al. 2001; Esher et al. 1978; Nicolas and Colyn 2006) . In general, skilled paddling swimmers show an undulating movement of the tail. However, the proportion of thrust generated by this movement is much smaller than the thrust power generated by the hind feet (e.g. , Fish 1982b; Fish and Baudinette 1999; Santori et al. 2008; Williams 1983) . Although alternated strokes of the hind feet are highly energetic, they also generate yaw, and, as Fish (1982b) demonstrated for muskrats, the main function of the tail of paddle swimmers is to reduce drag caused by yawing motions. Like muskrats, water shrews have a laterally compressed tail with a keel of stiff hairs on the ventral side (Pucek 1981) . The keel is more prominent in N. fodiens than in N. anomalus, allowing a higher swimming stability and lower amplitude of tail movements (given by the ratio between body width and TABLE 2.-Comparison of foraging behaviors and foraging success of allopatric Neomys anomalus from Portugal (n ¼ 7; this study) with sympatric populations of N. anomalus (n ¼ 6) and N. fodiens (n ¼ 5) from Poland (data from Rychlik 1997). Shrews were tested in 2 experimental variants: 1-with food and natural structures in both terrestrial and aquatic parts of terrarium, and 2-with food and natural structures only in aquatic part. Mean duration of behaviors and mean number of items successfully taken in water and on land are shown for allopatric N. anomalus, and percentage of total time or of total number of food items available are shown for all 3 populations. Asterisks indicate statistically significant differences (Sig.) in percentages between allopatric N. anomalus and each population of sympatric N. anomalus and N. fodiens, based on MannWhitney U-test: * P 0.05; ** P 0.01; *** P 0.001; NS no significant difference. Time foraging on land (s) 379.9 6 238.4 3.5 6 2.2 7.9 6 7.7 NS 5.1 6 1.8 NS Time foraging in water (s) 37.9 6 66.1 0.4 6 0.6 0.3 6 0.2 NS 2.3 6 1.3 * Time diving (s) 3.3 6 0.4 0.1 6 0.1 0.01 6 0.01 NS 0.6 6 0.5 * Time rooting soil (s) 52.9 6 65.1 0.5 6 0.6 0.8 6 1.2 NS 0.7 6 1.0 NS Food success in water (no. pieces) 0.5 6 1.1 1.5 6 3.3 0 NS 19.4 6 13.6 ** width of tail undulations). As is typical for N. anomalus, the animals tested in our study had a keel only on the terminal onethird of the tail. Nevertheless, the undulatory movements of their tails were narrower than previously observed in N. fodiens (Soares and Rychlik 2009) . Allopatric animals presented a higher swimming stability, probably as a result of a more efficient relationship between stroking frequency (similar to N. fodiens) and swimming velocity (lower than N. fodiens).
Floating behavior also has been successfully used to discriminate between swimming abilities of closely related terrestrial and semiaquatic mammals (e.g., Fish 1993a; Santori et al. 2008) . Semiaquatic forms are able to float effortlessly and in a more horizontal position as a result of the development of waterproof fur (Fish 2000; Fish et al. 2002 ) not present in terrestrial species. The water-repellent properties of the fur are mainly given by a high hair density that retains large amounts of air, providing insulation and buoyancy (Fish et al. 2002) . Studies of N. fodiens confirmed the insulating effect of the fur (Vogel 1990 ). Its high buoyancy results from the retention of air in a very dense layer of woolly hairs and is enhanced by the more pronounced H-shaped core of guard hairs and 1.5-2.0 times more irregularities on the hair surface than in shrews of the genus Sorex (Ivanter 1994) . Floating bouts of N. fodiens have longer mean duration than those of sympatric N. anomalus (Soares and Rychlik 2009 ), but shorter duration than those of allopatric N. anomalus (the present study). Further studies are required to determine whether differences exist in density and structure of the fur between the 2 species of water shrews. Additional allopatric populations of N. anomalus also should be studied, because Portuguese animals appear to be more similar to N. fodiens in terms of their floating capacity, suggesting that allopatric populations may be better adapted to the aquatic environment.
The long floating periods observed for the allopatric N. anomalus allowed them to rest after swimming and frequently were followed by diving bouts. These diving bouts were usually very short in duration, but some animals were able to perform longer dives. Longer diving bouts, such as those observed in the present study (5.6 s), were obtained by Köhler (2000) only after training N. anomalus in bigger tanks and with live prey available underwater (mean dive duration of 4.7 s and maximum dive duration of 6.7 s). In such experimental conditions, the duration of single dives for sympatric N. fodiens averaged 11.5 s, reaching a maximum of 15.6 s (Köhler 1991) . Vogel et al. (1998) obtained a similar average (12 s) while testing the maximal diving depth of N. fodiens. However, without training but still with prey available underwater, the duration of single dives of N. fodiens never exceeded 4 s (Churchfield 1985) , a value that is probably closer to what would be observed under more natural conditions (Ruthardt and Schröpfer 1985) . Under laboratory conditions, the 2 water shrew species not only showed differences in duration of each dive but also in diving profiles (Soares and Rychlik 2009) . N. fodiens showed a clear preference for exploring the entire bottom of the tank while diving, whereas N. anomalus more frequently displayed diving profiles that only allowed it to explore part of the bottom. The allopatric N. anomalus we tested did not show a clear preference for specific diving profiles. Instead, they displayed a wide diversity of diving profiles, including shallow dives, bottom-up dives, and dives in which animals explored the entire bottom of the tank, touching the gravel with their snout several times (with 2 dives lasting 4.7 s and 5.2 s).
In sympatric populations, N. fodiens forages mainly by diving in deep water, whereas N. anomalus forages by wading in shallow water. Such findings were 1st described from laboratory experiments (Rychlik 1997 ) and later confirmed under natural conditions (Churchfield and Rychlik 2006; Rychlik 2000) . In the present study (experiment 2), allopatric N. anomalus also showed a clear preference to forage on the terrestrial part of the aquarium and only some of the animals were able to dive and find food in deep water. However, this was the 1st time that diving foraging behavior was observed for the species. In similar experimental conditions, sympatric N. anomalus were unable to find any food in deep water (Rychlik 1997) . Nevertheless, underwater success rate of the allopatric population of N. anomalus never reached the success rate observed in N. fodiens, which indicates that wading is still the preferred foraging mode of N. anomalus. Such a result can rely on morphological or physiological constraints on diving in N. anomalus, but it can also be related to ecological factors such as interspecific competition. In the Iberian Peninsula, several populations of N. anomalus coexist with the semiaquatic Pyrenean desman, Galemys pyrenaicus, which occurs in the same habitats but forages almost exclusively in deep water (e.g., Carvalho 1996; Santamarina 1993) . However, no data are available on competition between this pair of species.
The present study shows that allopatric N. anomalus from Portugal are better adapted to the aquatic environment than are conspecifics coexisting with N. fodiens in Poland. These allopatric shrews are more efficient while swimming, are capable of resting in water, have a wider diversity of diving profiles, and, at least to some extent, are able to forage in deep water. Wading still seems to be the main foraging mode but is probably enhanced by the diving foraging mode. These results are consistent with findings on habitat preferences of the species in Portugal. In the Iberian Peninsula there are populations of N. anomalus occurring distant from watercourses (e.g., Amores 1975; Spitzenberger 1990 ), but also populations, such as the ones found in Portugal and tested in the present study, that live directly at the edge of streams and small rivers (Rychlik and Ramalhinho 2005) . Iberian populations of N. anomalus also show significant genetic differences from other European populations, as pointed out by Castiglia et al. (2007) , who suggested the need for a revision of the taxonomic status of the Iberian populations of N. anomalus. Given their findings, the results of the present study are even more relevant, because they describe behavior of a potential new taxonomic entity. However, the ecological release hypothesis still applies because, in the Iberian Peninsula, both species of water shrews co-occur in some areas and, in those areas, N. anomalus seems to be constrained by the presence of N. fodiens as a result of altitudinal and habitat segregation (Castién and Gosálbez 1992; Gosálbez and López-Fuster 1985; Torre and Tella 1994) . For example, in the Pyrenees Mountains where both species coexist, N. anomalus seems to occur in low densities, confined to alpine meadows far from streams (Torre and Tella 1994) . Moreover, convergence in the aquatic behavior of Portuguese allopatric N. anomalus toward N. fodiens is consistent with the convergence in body size already observed in other allopatric populations of N. anomalus outside the Iberian Peninsula (Kryštufek and Quadracci 2008; Popov and Zidarova 2008) . Thus, the absence of the main competitor probably allows N. anomalus to extend its ecological niche to more-aquatic environments, as here indicated by improvement in swimming and diving performance.
RESUMO
Nas regiões onde as 2 espécies são simpátricas, o musaranho-de-água-do-norte, Neomys fodiens, domina comportamental e numericamente sobre o musaranho-Neomys anomalus, e tende a excluí-lo do acesso directo aos habitats aquáticos. Em Portugal,é expectável uma alteração no comportamento do N. anomalus devidoà ausência da espécie dominante N. fodiens. Neste estudo investigou-se o comportamento de natação e mergulho de 9 indivíduos capturados na Serra da Estrela, Portugal, assim como a sua eficiência na procura de alimento em ambiente subaquático. Os comportamentos de mergulho e natação foram investigados através de vídeo gravação de testes de curta duração. O comportamento de procura de alimento foi analisado num aquário onde se simulou 2 tipos de habitat, terrestre e aquático. Os resultados obtidos foram comparados com dados previamente obtidos para populações simpátricas de N. anomalus e N. fodiens que coexistem na floresta de Białowieża, Polónia. Os musaranhos testados no presente estudo apresentaram um melhor desempenho nalguns dos parâmetros de natação e mergulho nomeadamente, uma menor frequência de batimentos das patas ao nadar e uma maior diversidade de perfis de mergulho. Foram também capazes de retirar pedaços de comida localizados na zona mais profunda do aquário, algo que havia apenas sido observado para o N. fodiens. No entanto, o sucesso na detecção de pedaços de comida submersos foi inferior ao previamente observado para N. fodiens. Estes resultados sugerem que na ausência da espécie dominante N. fodiens, o N. anomalus pode utilizar 2 modos na procura de alimento: explorar preferencialmente locais de água superficial mas também mergulhar activamente em zonas de água mais profunda, alargando com isso o seu nicho ecológico.
